Descriptions are given of the fundamental dielectric properties of the thick film binary system, composed of dielectric powder and glass, in relation to the effect of bulk properties of the constituent electrode composition in preventing a decrease in breakdown voltage with time and the effect of glass passivation on the reliability of thick film capacitors.
INTRODUCTION
Many trials [1] [2] [3] [4] [5] [6] [7] [8] to incorporate a thick film capacitor onto thick film hybrid ICs have been made in order to reduce the size, number of interconnections and cost. However, a narrow choice of characteristics and poor reliability of thick film capacitor materials have prevented putting them into production. The objective of this study is to clarify the possibility and limitation of the thick film capacitor materials, in the powder-glass binary system.
EXPERIMENTAL PROCEDURES
The dielectric powders were prepared by the usual ceramic techniques. The desired amount of the constituent oxides and carbonates were mixed, calcined at 800 to 1050C in air, and ground. The resultant powder was pressed into disks, sintered at 1250 to 1350C in air for 2 hours, ground by wet milling and dried. The compositions and properties of the dielectrics used in this study are shown in Tables and 2. Glass powders and pastes were prepared as described previously.
9 ,1 o The compositions of the glass used are shown in Table 3 A e of about 2000 can be obtained by the optimum combination of these factors, but it never exceeds this value. Figure 2 shows the correlation between e and temperature coefficient of capacitance (TCC) of TiO2-MgO-ZrO (TMZ) temperature compensating dielectrics and also of the TMZ-glass thick film binary system. As seen in the figure, e and TCC of the binary system have a close correlation to those of the TMZ used as a constituent.
Effect of Glass
As indicated in Figure 1 , the e of BaTiO3 family dielectrics-glass binary system increases with increasing the e of the glass. The tan and TCC of the glass has little effect on those of the binary system. On the contrary, the dielectric properties of the TMZ-glass binary system are affected to a great extent by the properties of the glass as shown in Table 4 . Figure 3 displays the variation of e and Q with the content of No. glass shown in Table 3 . e and Q of the TMZ-glass exhibit the maximum value at about 10 and 15 wt% glass content, respectively. The e of the BaTiO3 family dielectrics-glass binary system also shows a maximum at small glass content, as is already known. Figure 4 shows the variation of TCC of the TMZ glass system with glass content. The TCC of the system seems to be given exactly by simple The e of the BaTiOa family dielectric-glass binary system depends on the electrode. The effective e of the system can be increased by using a high Ag content electrode. Since the use of such an electrode lowers the initial value of breakdown voltage, this phenomenon may probably correspond to the decrease of true thickness of the dielectric layer by Ag diffusion during firing. 
Reliability
Since the dielectric layer of capacitors fabricated using the binary system is porous and acts like a good absorber of water vapor, the glass passivation is necessary in order to stabilize the electric properties and to prevent Ag migration of the electrodes.
A Figure 6 . Figure 7 displays a cross section of the thick film capacitor. As bubbles formed in sintering and fusion process of amorphous glass are raised upto the surface, the layer without the bubbles, no bubble layer is formed. The thickness of the no-bubble layer plays an important role in ensuring reliability. As shown in Figure 8 , it is necessary for the thickness of the no bubble layer to be mote than 50/m in order to FIGURE 5 electrode. 
